We report the presence, in the mitochondrial DNA (mtDNA) of all of the sexual species of the salamander family Ambystomatidae, of a shared 240-bp intergenic spacer between tRNAThr and tRNAPro. We place the intergenic spacer in context by presenting the sequence of 1,746 bp of mtDNA from Ambystoma tigrinum tigrinum, describe the nucleotide composition of the intergenic spacer in all of the species of Ambystomatidae, and compare it to other coding and noncoding regions of Ambystoma and several other vertebrate mtDNAs. The nucleotide substitution rate of the intergenic spacer is approximately three times faster than the substitution rate of the control region, as shown by comparisons among six Ambystoma macrodactylum sequences and eight members of the Ambystoma tigrinum complex. We also found additional inserts within the intergenic spacers of five species that varied from 87-444 bp in length. The presence of the intergenic spacer in all sexual species of Ambystomatidae suggests that it arose at least 20 MYA and has been a stable component of the ambystomatid mtDNA ever since. As such, it represents one of the few examples of a large and persistent intergenic spacer in the mtDNA of any vertebrate clade. Miracle and Campton 1995) , mammals (Hoelzel, Hancock, and Dover 1993; Hoelzel et al. 1994) , and birds (Berg, Mourn, and Johansen 1995). A second, apparently less common, form of size variation in verte-
Introduction
In recent years, both comparative investigations of mtDNA structure and studies utilizing mtDNA sequence or restriction site data to reconstruct phylogeny have expanded to include representatives of most animal phyla. With this expansion has come continued refinement of our knowledge of the organization, function, and evolution of the mitochondrial genome. Early studies of vertebrate mtDNA, particularly the first four complete genome sequences (Homo [Anderson et al. 19811, A4us [Bibb et al. 19811, Bos [Anderson et al. 19821, and Xenopus [Roe et al. 1985] ), prompted initial conclusions on the extremely conservative nature of vertebrate mtDNA in gene order, gene content, and size. The complete sequence of the chicken (G&us) mtDNA genome (Dejardins and Morais 1990) was one of the initial studies demonstrating that not all vertebrates have identical gene orders. More recent analyses have shown that mitochondrial gene orders are far more labile than originally thought (Kumazawa et al. 1996; Macey et al. 1997) , particularly for tRNAs and their surrounding DNA.
Over the last decade it has also become clear that some vertebrates (particularly ectotherms) show occasional variation in mitochondrial genome size. In a study of the relationship between endothermy and mtDNA size variation, Rand (1993) reviewed the literature on mtDNA size variation and demonstrated that almost all known cases of size variation involve variable numbers of tandemly repeated elements (VNTRs) from the control region. Similarly, most of the reports of size variation since Rand's review involve VNTRs in the control regions of fish (Broughton and Dowling 1994; Lee et brate mtDNA is the duplication of large sections of coding (and often noncoding) DNA. Such large duplications may be taxon-specific, as has been suggested for snakes (Kumazawa et al. 1996) and the lizard genera Cnemidophorus Stanton et al. 1994) and Heteronotia (Moritz 199 1; Zevering et al. 1991) , or represent rare events in single individuals, as seen in one individual of the newt Triturus cristatus (Wallis 1987) . point out that these large duplications are usually infrequent in occurrence and restricted to particular individuals or populations and are often evolutionarily ephemeral. The transitory or ephemeral nature of these large duplications, as well as that of many of the VNTRs cited above, can be inferred from the observation that they usually are not shared between closely related taxa, they are often found in the heteroplasmic state in individuals, and they do not show high levels of sequence divergence relative to the original nonduplicated version. A common theme in the evolution of mtDNA genomes is that genomic size is usually minimized over time (Rand 1993) . When duplications do occur, they are followed by a rapid elimination of redundant material, which may or may not result in a rearrangement of gene order (Macey et al. 1997) . In contrast to this general view, we report here what we consider to be a stabilized tandem duplication in the mtDNA of all species of the salamander family Ambystomatidae that has resulted in a large (approximately 240 bp) stretch of apparently noncoding sequence between tRNAThr and tRNAPro. (We refer to this region as an intergenic spacer in a descriptive sense, despite the possibility that it may perform some function.) Its presence in all species of the family is indicative of its ancient origin and stability over time. Within this region, five species of Ambystoma have additional insertions of 87-444 bp, making this one of the most evolutionarily active (in terms of the number of inferred insertions found) and stable (at least for the taxonomically widespread intergenic spacer) set of intergenie spacer elements yet found in a vertebrate clade.
In this report, we describe the general features of this novel intergenic spacer by placing it in context rel- Thr  T  I G  I  L  E  N  K  M  M  K W #*____ tRNA_-------""""*"MLMTHR""""""" >----------------- _-__-_________*,,,,,,,, 
-Sequence of mtDNA clone of Ambystoma t. tigrinum. This segment of the light strand is 1,746 bp in length and includes the last 15 bp of cytochrome b, marked with the single-letter amino acid codes above the middle nucleotide of each triplet; tRNA coding regions for amino acid threonine, proline, and phenylalanine are marked by dashes between asterisks and labeled; the intergenic spacer is marked by slash marks; the contra region or D-loop is the unmarked region between tRNAs proline and phenylalanine; and the small subunit (or 12s)-rRNA-coding region is marke similarly to the tRNAs. The names, positions, and orientations of the oligonucleotide primers used in this study are shown by carets (^) and arrows (< or >). Conserved sequence blocks (CSBs) and the termination-associated sequence (TAS) within the control region are marked by asterisks above th sequence and labeled by number. A possible direct or inverted repeat element is underlined at the beginning of the intergenic spacer. ative to its neighboring genetic elements and examining its nucleotide composition and its taxonomic distribution in the Ambystomatidae.
We quantify the nucleotide substitution rate of the intergenic spacer by comparison with the substitution rate of the rapidly evolving control region in two geographically widely distributed species of Ambystoma.
Finally, we use both comparative and phylogenetic approaches to reconstruct the history of DNA insertions in Ambystoma, arguing that there have been a minimum of five additional insertion/duplication events in five species of ambystomatids.
Materials and Methods
We discovered this intergenic spacer while developing oligonucleotide primers to use in a study of control region variation in the Ambystoma tigrinum complex (Shaffer and M&night 1996) . In many vertebrate species, the control region is separated from the cytochrome b-coding region by the adjacent tRNAn" and tRNAPro (reviewed in Macey et al. 1997) . Using an mtDNA clone from A. tigrinum (provided to us by E. Routman), we sequenced from the vector priming site into the salamander mtDNA light strand, through the last 157 bp of the cytochrome b gene, followed immediately by tRNATh Both of these aligned well with the homologous region in Xenopus. Using a modified version of primer L1592( of Kocher et al. (1989) that matches more closely thl Ambystoma sequence within tRNAn", we sequencec through the rest of tRNAn", after which we found 24: bp of unique, unalignable DNA, followed by a region that aligned well with tRNAfio of Xenopus. With this se quence, and the sequence of the heavy strand obtained il a similar way but beginning from within the 12s t-RNA encoding region, we developed a set of primers to stud the entire control region, including the intergenic space (Shaffer and M&night 1996) . We examined the intergenic spacer regions of rep resentatives of all sexual North American species of am bystomatid salamanders (all of which are currently i the genus Ambystoma) using the primer pair mlmTHI and mlm007R ( fig. 1 ). We also examined variation iI the intergenic spacer and the control region (i.e., be tween the primer pair mlmTHR and mlmDL1, fig. 1 ) iI two polytypic species: the long-toed salamander (thre specimens each of the subspecies A. macrodactylum ma crodactylum and A. m. columbianum) and the tiger sal amander (A. tigrinum) complex (eight specimens that span the known sequence variation in these taxa, see the appendix and Shaffer and McKnight [ 19961) . Extraction of genomic DNA, Taq-DNA-polymerase-mediated amplification of the control region and spacer, and sequencing followed the same standard procedures described in Shaffer and McKnight (1996). For A. jefSersonianum, A. macrodactylum (all six individuals), A. maculatum, A. mabeei, and the A. texanum (West) samples, we sequenced heavy and light strands for both the 240-bp intergenic spacer and the additional inserts in the first three species. For the A. tigrinum samples, we sequenced both strands of the control region but just the light strand of the intergenic spacer. The sequences of both strands of both A. gracile individuals and A. talpoideum were obtained using dye-termination chemistry with double-stranded templates on an ABI 377 automated sequencer. In the remaining species, we only sequenced the light strand, reasoning that our confirmed sequences in six species were always accurate, and that we are less concerned with the exact sequences for each species than with the general pattern of sequence divergences among species. All sequences used in this report have been deposited in GenBank and can be found under accession numbers U36403-U36426.
We also attempted to amplify the intergenic spacer region of two species of Dicamptodon, because the salamander family Dicamptodontidae has been proposed as the sister group of the Ambystomatidae (Larson and Dimmick 1993) , and we hoped to find the phylogenetic limits of occurrence of the intergenic spacer. We were unsuccessful in amplifying the intergenic spacer from any Dicamptodon.
We recorded and manipulated sequence data using the program GeneJockey (Biosoft, Cambridge, U.K.). We examined possible secondary structures of the intergenic spacer using the programs MFOLD and PLOT-FOLD within the GCG package, and calculated sequence divergence estimates using the program DNAD-IST within PHYLIP (Felsenstein 1991) .
Results

General Features of Ambystoma tigrinum tigrinum Sequence
The segment of the cloned mitochondrial genome of A. t. tigrinum ( fig. 1) includes the 3' end of the cytochrome b gene, tRNAn", tRNAho and tRNAPhe, the intergenic spacer, the entire control region, and the 5' end of the 12s rRNA-encoding region. This segment represents slightly more than 10% of the entire mitochondrial genome of A. t. tigrinum. As is the case for many animal mitochondrial protein-coding genes (Wolstenholme 1992) , the cytochrome b gene apparently lacks a stop codon; however, polyadenylation of the processed transcript, after removal of tRNA=, would produce a stop codon (Ojala et al. 1980) . Correct identification of the tRNA genes is important for determining the boundaries of the control region and, as it turns out, the intergenic spacer. Both tRNAThr and tRNAho were easily identified by alignment comparison with the homologous regions in Xenopus: sequence similarity values for these two genes were 73.2% and 68. I%, respectively. The tRNAPhe of Ambystoma was more difficult to identify. However, based on its sequence similarity with Xenopus (53.6%) and its similarity in inferred secondary structure to other vertebrate tRNA genes (structure not shown), we feel confident of the limits of these three tRNAs.
As in other vertebrates, the control region of Ambystoma is characterized by three relatively short conserved sequence blocks (CSBs; fig. 1 ) that have been implicated in heavy-strand replication (Clayton 1992) and by a termination-associated sequence approximately 65 nucleotides downstream from tRNAh (TAS; fig. 1 ) that represents the end of the short D-loop strand in most vertebrates (Clayton 1982) .
The Intergenic Spacer
We sequenced the intergenic spacer regions of all sexual species of Ambystoma ( fig. 2 ). We were unable to amplify the intergenic spacers from members of the outgroup genus Dicamptodon, but we did amplify the control region between primers mlm007 and mlmDL3 for three species of Dicamptodon.
The resulting fragments, when run on an agarose gel with similar fragments of three species of Ambystoma, were identical in size between the two genera, confirming that (1) the Dicamptodon DNA is intact and of high quality, and (2) the 3' end of tRNAPro and the 5 ' end of the control region are conserved (with respect to size) across Ambystomatidae and Dicamptodontidae. The failure to amplify the intergenic spacers from Dicamptodon species indicates either that there has been sufficient sequence divergence at the site targeted by mlmTHR to prevent amplification, or that the intergenic spacer in Dicamptodon is too large to be amplified by our protocol but is uninformative concerning the presence or absence of intergenic spacers in Dicamptodon. One other species, A. barbouri, was not examined; data from mitochondrial cytochrome b and 12s ribosomal DNA sequences (unpublished data) and allozymes (Shaffer, Clark, and Kraus 1991) show that this species is very closely related to, and possibly derived from, one of the two forms of A. texanum described below (Kraus and Petranka 1989) . We therefore consider it very likely that A. barbouri will share the same pattern of inserts found in A. texanum. The intergenic spacer region is strikingly variable in both sequence and length between species (fig. 2). All species examined share a roughly 240-bp segment of intergenic spacer DNA that averages approximately 70% sequence similarity for between-species comparisons (table 1). The observed nucleotide substitution rate of the 240-bp intergenic spacer is very high, even compared to that of the control region. To quantify this we calculated all pairwise sequence divergences between the 14 specimens of A. macrodactylum and A. tigrinum for the spacer and control regions separately and regressed the spacer divergences on the control region divergences.
We conducted this analysis simply to compare the substitution rates of the spacer and control regions, although the lack of both statistical and evolutionary independence among observations clearly invalidates formal hypothesis testing. According to this anal- ysis, the spacer region has a nucleotide substitution rate approximately three times greater than that of the control region ( fig. 3 ). This rate of substitution is not constant along the entire length of the spacer. In a IO-bp sliding window analysis of the spacer there are two regions that evolve more slowly: (1) a section about 35 bp in length approximately 140 bp from the 5 ' end and (2) the last 50 bp at the 3' end.
Additional Inserts Within the Intergenic Spacer
In addition to the shared 240-bp intergenic spacer, at least five species of Ambystomu have apparently experienced insertions within the 240-bp spacer that result in noticeable differences in total mitochondrial genome size (from restriction fragment studies) when compared to species without additional inserts (C. Spolsky, personal communication). The largest of these additional inserts (as they will be called to differentiate them from the intergenic spacer) that we found are in A. gracile: specimen B (444 bp) and specimen A (356 bp); the other species with additional inserts are A. talpoideum (318 bp), A. muculatum (165 bp), A. jeffersonianum (122 bp), and A. mucrodactylum (87 bp) ( fig. 2) . One further insertion, a 74-bp tandem duplication of part of the intergenic spacer and the 3 ' half of tRNAn" (data not shown), was discovered in the subspecies A. m. macrodactylum only. The first six inserts all appear to have become inserted at the same point within the intergenic spacer, approximately 22 bp in from the 5' end and immediately before the sequence element 5 '-CTATGC-3' (fig. 2 ). The identical placement of these additional inserts suggests either that they are evolutionarily homologous or that this represents a mutational hot spot within the intergenic spacer.
Although all of the additional inserts begin with the repeated sequence element 5'-CTATGC-3', they show little other sequence similarity among themselves. (In A. talpoideum, the additional insert begins with a somewhat different 5'-ATACAC-3' motif that may not be homologous with the usual 5'-CTATGC-3', although this latter element is found in the usual position within the A. talpoideum intergenic spacer.) In A. gracile only, the additional insert appears to represent at least two, and probably four, tandem repeats, each about 85 bp in length ( fig. 2 ). For the first two repeat elements, the sequence similarity is quite high within specimen A (82%) and specimen B (75%), although the sequence similarity for the third and fourth repeats drops to 60%-65% between the first and third repeats and to about 40% between the first and fourth. In FIG. 2 (Continued) stark contrast to the large divergence between their 240-bp intergenic spacers (table I) , the sequence similarities for the first and second repeat elements between specimens A and B are very high (90% and 94%, respectively); this falls off considerably for the third and fourth elements (68% and 53%, respectively). One plausible explanation for the greater sequence similarity between individuals than within individuals is that each of the 85bp elements represents a separate duplication of a stable upstream DNA fragment in specimens A and B. Interestingly, the last 32 bp at the 3' end of the first 85-bp additional insert in both specimens shows high (-70%) sequence similarity with a portion of the A. tigrinum tRNAn", including a 12-nt section of complete (specimen A) or nearly complete (specimen B) sequence identity. Such high sequence similarity is unlikely due to chance alone, and implies that each of the 85bp addtional inserts may have their origins as duplications of the Ambystoma tRNAm.
Because of the extreme size and sequence divergences among the additional inserts, we could not align sequences to quantify divergence among species. Therefore, to examine the rate of divergence of these additional inserts, we examined patterns of geographic variation in the 87-bp additional insert found across A. mucrodactylum. We chose this species for two reasons: (1) it is polytypic, with several differentiated subspecies (Stebbins 1985) , and is therefore comparable with our analysis of A. tigrinum control regions, and (2) it shows considerable variation in the additional inserts. In pairwise comparisons within two different subspecies of A. mucroductylum, the substitution rate of the additional insert sequences is slightly greater than the substitution rate of the intergenic spacer sequences (the mean sequence divergence for all six possible comparisons for the intergenic spacer is 1.9%; for the additional insert, it is 2.4%). Similarly, between the two subspecies examined, the substitution rate of the additional inserts is greater than the substitution rate of the intergenic spacer (the mean sequence divergence for all nine possible comparisons for the intergenic spacer is 8.3%; for the additional insert, it is 11.1%).
Discussion
With the exception of the 240-bp spacer region, the segment of mtDNA from Ambystoma examined here is identical in gene order to the general vertebrate condi- tion (Macey et al. 1997) . Our discovery of such a large, variable, and yet evolutionarily stable intergenic spacer is noteworthy and has implications for the systematics and population genetics of Ambystoma, as well as for the evolutionary dynamics of this region of mtDNA.
Origin, Age, and Phylogenetic Distribution of the Intergenic Spacer At least three distinct models may explain the origins of the intergenic spacer: (1) The spacer may represent the incorporation of a foreign nucleic acid from some other region of the mitochondrial or nuclear DNA. (2) The "spacer" is actually the 5' end of the control region, and tRNA Pro has somehow shifted its position within the control region. (3) The spacer represents a duplication/reduction series of events at the 5' end of the control region, including the tRNAs and perhaps associated with the heavy-strand origin of replication. Under the first model, one might expect to find sequence similarity with other regions of the mitochondrial or nuclear genomes, and possibly inverted repeat elements that often characterize mobile genetic elements. While both the second and third models predict that the spacer should show some sequence similarity with the 5' end of the control regions of other organisms, only the third model predicts the greatest sequence similarity between the intergenic spacer and the Ambystoma control region because the spacer was evolutionarily derived from a duplication of part of the control region.
Both the intergenic spacer and the additional inserts have directly repeated sequence motifs at their ends consistent with the incorporation of foreign nucleic acid at some point in the past, but in none of these cases are there inverted repeat elements that would suggest that the intergenie spacer or the additional inserts are themselves mobile genetic elements. Our attempts to find similar se-quences elsewhere in the complete mitochondrial genom of Xenopus (Roe et al. 1985) or in the GenBank sequent library have been largely unsuccessful. Thus, the weigl of evidence seems to argue against the spacer being a mc bile element inserted from a distant position in the mtDNl or from a known region of nuclear DNA.
Our efforts to align the intergenic spacer with car (Chang, Huang, and Lo 1994) and Xenopus control region gave somewhat ambiguous results. Although individu: Ambystoma species sometimes align with both the 3' an 5' ends of carp and Xenous control regions, there is n consistent pattern as would be expected if the spacer wer the evolutionary homolog of the 5' end of the unmodifie vertebrate control region. These results, in combinatio with the lack of any reasonable model to explain how th tRNAho could physically move into the control region lead us to reject this model as well.
The final model involves an ancestral duplication with subsequent editing, of tRNAThr, tRNAP", and muc of the control region at the base of the ambystomatid i-2 diation. Indirect evidence in favor of this interpretatio comes from (1) the common occurrence of duplicatio events in other reptiles and amphibians around these tw tRNAs (Stanton et al. 1994; Macey et al. 1997) , includin an apparently stable situation in snakes (Kumazawa et a 1996) ; (2) some successful alignments (with low stringer cy) between the intergenic spacers of many Ambystom species with the CSBs (particularly CSB 2) of the A. ti grinum control region (fig. 1); and (3) a plausible mode to explain the "insertion" of the intergenic spacer betwee two normally contiguous tRNAs. In keeping with the mod el for rearrangements in tRNA gene order proposed tl explain duplications and rearrangements in other verte brates (Kumazawa et al. 1996; Macey et al. 1997) , th evolution of the intergenic spacer would entail an ancier tandem duplication of tRNAm, tRNAho, and a large part of the control region, with reformation of the mtDNA circular structure resulting in the gene order 5'-tRNAn"-tRNAI?"-partial control region-tRNAn"-tRNAPontro1 region-3'. Subsequent editing (in keeping with the evolution of minimum size in vertebrate mtDNA [Rand 19931 ) of the first tRNAho and the second tRNAn", but retention of at least some of the intervening control region duplication, would result in the gene order found in extant Ambystomu. Note that if the sequence similarity seen between the intergenic spacer and the CSBs of A. tigrinum represents true homology, then considerable reduction in the duplicated portion of the ancestral control region must also have occurred, since the CSBs are over 500 bp into the control region ( fig. 1) . In contrast to the large tandemly repeated coding blocks in Cnemidophorus Stanton et al. 1994) , which are variable in their presence at the population and species levels, the presence of the 240-bp spacer in all species of Ambystomu for which nucleotide sequences are available suggests that it was present in essentially its current form in the common ancestor of all these species.
Our repeated attempts to amplify the intergenic spacers from the outgroup taxon Dicumptodon and other genera of salamanders have not been successful to date (presumably reflecting the evolution of our primer sites), so we are not currently able to delimit the precise phylogenetic point of origin of the intergenic spacer. However, the widespread distribution of the intergenic spacer across the entire Ambystomatidae suggests that it had evolved before the family began to diversify. Based on fossil evidence, the family began to diversify into its current species groups sometime between the early Miocene (Tihen 1958) and the early Oligocene (Holman 1968 ), about 24-30 MYA (Savage and Russell 1983) . This implies that the 240-bp intergenic spacer has existed for at least the last 20 Myr. It is thus similar to the pattern recently discovered in snakes (Kumazawa et al. 1996) , in which it has been suggested that a control region-like duplication has been evolutionarily stable for at least 70 Myr.
Origin(s) and Dynamics of the Additional Inserts
The presence of the additional inserts in five species at precisely the same sequence position raises two possible interpretations of the history of these fragments. First, they may represent a single additional duplication event with subsequent reduction in different species. Alternatively, they may represent two or more insertions at the same mutational hot spot in all species. Determining the minimum number of such events requires a solid phylogeny of the family. Although the species-level phylogeny of the Ambystomatidae remains incompletely resolved, recent empirical analyses based on allozymes and morphological characters (Shaffer, Clark, and Kraus 199 1; Kraus 1988) are reconstructed as a relatively derived sister species pair within the family (allozymes only). Thus, a minimum evolution reconstruction would require at least two independent additional insertion events in these five species. However, within the A. macrodactylum and A. jepersonianum species pair and the A. talpoideum, A. gracile, and A. maculatum species trio, size and sequence variation are great, leading us to tentatively favor the interpretation that the additional inserts are separate evolutionary events occurring at the same mutational hot spot in each species. This interpretation gains further support from the observation of several other duplication events in the vicinity of tRNAThr and tRNAPro in other vertebrate groups (Stanton et al. 1994; Macey et al. 1997) .
Function Inserts of the Intergenic Spacer and Additional
A somewhat paradoxical conclusion from this work is that of the persistence of the intergenic spacer for such long periods of time in ambystomatids.
Assuming that the spacer and additional inserts have evolved via duplication events, one would not expect them to be functionally significant.
However, as Rand (1993) has argued, one interpretation of the lack of introns and intergenic spacers in mtDNA generally is that it reflects strong purifying selection for a small mitochondrial genome size (and thus rapid replication time). By this argument, one would not expect the long-term persistence of the spacers we have found unless they serve some function. The possibility of the spacers coding for a novel amino acid sequence appears unlikely, as none of the intergenic spacers possess open reading frames of realistic size, and the rate and nature of nucleotide insertion, deletion, and replacement further argue against the possibility that they are peptide-coding
regions. An intriguing feature of the intergenic spacers is that when they are single-stranded, they tend to form relatively stable stem-and-loop structures. The heavy strands fold into a complex series of variable-length stems and loops, with the stems varying from 3 to >50 bp long, and the folded structures yield free energies ranging from -35.3 to -69.2 kcal/mol across taxa. The largest of these values are similar to those that have been interpreted as conferring stable secondary structure in other sequences (Zuker, Jaeger, and Turner 1991) . If extraneous DNA is excised from mtDNA during the single-stranded phase of replication, then the spontaneous formation of such stems could conceivably "protect" the spacer from complete excision. Another possibility suggested by Kumazawa et al. (1996) for the stability of a control-region-like duplication in snakes is that it functions as an alternative site of initiation of replication or transcription and is thus maintained by positive stabilizing selection.
Inserted Elements in Ambystoma Population Genetics
The primers we have designed for the spacer and control regions of Ambystoma should be useful for others with an interest in the population genetics or systematics of ambystomatid salamanders as well as in the dynamics of mtDNA evolution itself. For those interested in population genetics and differentiation problems requiring very rapidly evolving DNA, the spacer region may be an ideal target sequence. With its threefold increase in substitution rate compared to the rapidly evolving control region (Moritz, Dowling, and Brown 1987; Avise 1994 ) the intergenic spacer has proven extremely useful for elucidating phylogenetic problems within the Ambystoma tigrinum complex (Shaffer and M&night 1996) , and should be equally informative for other species, as should the additional spacers for those taxa which contain them (E. Routman, personal communication). At a deeper phylogenetic level, the pattern of additional insert evolution itself may prove to be of phylogenetic significance. The utility of these elements will obviously hinge on correctly inferring their homology, which may become clearer as the complete array of additional insert sequences is discovered. However, assuming that they represent a complex sequence of additional duplications and deletions, each additional insert itself may well prove to contain important phylogenetic information in the same way that tRNA gene rearrangements have for other vertebrate lineages (Macey et al. 1997) .
